A total of 7,764 isolates from patients with invasive pneumococcal disease (IPD) were collected from 1992 to June 2006. Data on serotypes were available for 5,022 isolates (64.7% of all invasive isolates). Some 54.0% of the isolates originated from adults >16 years of age, and 46.0% were from children <16 years of age. The leading serotypes were 14, 23F, 1, 6B, 7F, 3, and 4. The serotypes significantly more common in children were 14, 6B, 19F, and 18C, while among adults, serotypes 3 and 4 were predominant. Serotype 7F was statistically more prevalent among children <4 months old than among the other age groups. Among children aged >4 months and <1 year, serotype 19F occurred statistically more frequently; and among children aged >1 year to <5 years, serotypes 14, 6B, and 18C were overrepresented. The serotypes predominantly affecting patients younger than the remaining collective of patients were 14, 6B, 19F, and 18C, while patients with IPD caused by serotypes 3, 4, and 9V were older than the collective, on average.
Streptococcus pneumoniae is among the most important pathogens in bacterial pneumonia, sepsis, and meningitis worldwide (1) . The capsular polysaccharide of S. pneumoniae is known to be an important factor in the pathogenicity of the organism (7) , and associations of the capsular serotypes with the severity of invasive pneumococcal diseases (IPDs) have been described (2, 14) . IPDs are known to be much more frequent among young children and elderly persons than among older children and middle-aged adults (25) . The results of several studies of the frequencies of pneumococcal serotypes and pneumococcal vaccine coverage have been published, but only few data on the serotype distribution among children and adults or different age groups are available. Studies from the United States (10, 19, 25) , Canada (18) , England and Wales (21) , and Denmark (9) , as well as the available meta-analyses (4, 15) , refer to a diversity of age intervals. Although some studies contain statistics on the serotypes covered by the seven-valent pneumococcal conjugate vaccine (PCV7) and those not covered by the vaccine, no information on the association of individual serotypes with age are given. Another meta-analysis reported on the relative risk (odds ratio) of IPD caused by the various serotypes among all age groups subdivided into 10-year bands (26) . Furthermore, in a 19-year nationwide surveillance study from Denmark, statistical analyses of the serotype distribution with age have been performed, but that study included only children aged 0 to 6 years (16) . Some statistical data about individual serotypes and their association with age can also be found in the report of a study from the United States on the increased prevalence of pediatric pneumococcal serotypes in elderly adults. However, the study contained data only for adults aged Ն35 years (5) .
The aim of the study described here was to evaluate the association of serotypes of S. pneumoniae with age in IPD among isolates from all age groups sent to the German National Reference Center for Streptococci (NRCS) between 1992 and 2006.
MATERIALS AND METHODS
Study design. NRCS has conducted surveillance for invasive pneumococcal disease in Germany since 1992. In the present study, a population-and laboratory-based approach was used to collect data about invasive disease caused by Streptococcus pneumoniae in Germany. Isolates were sent to NRCS by diagnostic microbiological laboratories throughout Germany on a voluntary basis. Cases from 1 January 1992 to 30 June 2006 were included in this study. A case of IPD was defined by the isolation of S. pneumoniae from a normally sterile site. In cases in which the invasiveness was unclear, samples were considered to represent invasive disease only after a review of all available laboratory information, specimen type, the physician's specialty, and comments on request forms. Children Ͻ4 months of age were defined as all children who had not completed the 4th month of life.
Microbiological investigations. The isolates were identified by standard procedures, including tests for bile solubility and optochin sensitivity. Pneumococcal isolates were serotyped by Neufeld's Quellung reaction with type-and factorspecific antisera (Statens Serum Institut, Copenhagen, Denmark). Streptococcus pneumoniae ATCC 49619 was used as a control strain.
Statistical analysis. All categorical data are expressed as frequencies; continuous variables are expressed as medians and interquartile ranges. Comparisons of serotype frequencies between age groups were done by Fisher's exact test or the chi-square test, as appropriate. Adjusted P values for multiple post-hoc comparisons after classification of the individuals of different ages into six groups were calculated by Fisher's exact test and permutation resampling of 1,000 samples. To assess whether age was generally higher or lower for patients infected with a certain serotype, a two-sided nonparametric unpaired Wilcoxon test was conducted.
As we investigated 12 different serotypes that occurred at high rates within the study population or a subgroup of that population in detail, the overall significance level was adjusted by using the Bonferroni correction method to account for the problem of multiple testing. Thus, test results with P values of Յ0.0042 were considered statistically significantly different.
All statistical analyses were done with the SAS (version 9. 
RESULTS
A total of 7,764 isolates from patients with invasive pneumococcal disease were collected between 1 January 1992 and 30 June 2006. The numbers of isolates collected per year varied from 297 to 918 (median, 464 isolates). Data on the serotypes were available for 5,022 isolates (64.7% of all invasive isolates). Some 55.5% of these isolates were from male patients, and 42.2% were from female patients; no information on gender was available for 2.3% of the patients. A total of 54.0% of the isolates originated from adults, and 46.0% were from children.
A comparison of the findings for children Ͻ16 years of age and adults Ն16 years of age is presented in Table 1 . The leading serotypes detected were 14, 23F, 1, 6B, 7F, 3, and 4 (in descending order). The serotypes that were significantly more common in children were 14, 6B, 19F, and 18C, while among adults, serotypes 3 and 4 were predominant (Table 1 , columns 3 to 5; Fig. 1 ). When the median age of patients with IPD caused by particular serotypes was compared with the median age of the remaining patients with IPD caused by other serotypes, which was used as a control group, considerable differences were noticed (Table 1 , columns 6 to 8). The serotypes predominantly affecting patients younger than the remaining collective of patients were 14, 6B, 19F, and 18C, while patients with IPD caused by serotypes 3, 4, and 9V were older than the collective, on average.
The differences among the age groups from 0 to Ͻ4 months, Ն4 months to Ͻ1 year, Ն1 to Ͻ5 years, Ն5 to Ͻ16 years, Ն16 to Ͻ65 years, and Ն65 years are shown in Table 2 . The chisquare test was used to test whether significant differences existed among the age groups. Verified significant differences were further evaluated by testing each age group against all other age groups combined. For serotypes 1, 14, 3, 18C, and 19F, significant differences were observed for more than one age group compared to the findings for the other age groups, while for serotypes 6B and 7F, significant differences were observed for only one age group. The only positive correlation for children Ͻ4 months of age was for serotype 7F, which occurred significantly more frequently in this age group.
DISCUSSION
In the study described in this paper, we analyzed the association of serotypes of S. pneumoniae with age in invasive pneumococcal disease, on the basis of data collected over 14.5 years of surveillance of invasive pneumococcal disease in Germany.
Overall, the most frequent serotypes were 14, 23F, 1, 6B, and 7F (in descending order), which is similar to the most frequent serotypes published in reports of other studies conducted over the same period in Germany (11, 12) . They deviate in part from older German data (17, 20) , but they are generally in line with the results reported from other countries (3, 5, 6, 8, 22, 27) .
In the present study, serotype 7F was statistically more prevalent among children Ͻ4 months of age than among the individuals in the other age groups. Among children aged Ն4 months and Ͻ1 year, serotype 19F was statistically significantly more frequent; and among children from Ն1 year to Ͻ5 years of age, serotypes 14, 6B, and 18C were overrepresented. The serotypes commonly defined as "pediatric serotypes" are 6B, 9V, 14, 19F, and 23F (5). Besides these, serotypes 18C, 7F, 1, 6A, and 4 are reported to be among the 10 serotypes responsible for about 80% of cases of IPD in children younger than age 5 years (8) . Among neonates, the infecting pneumococcal serogroups were predominantly 19, 9, 3, 18, 1, 6, 14, 5, and 12 (10) . In a study from Denmark, the proportion of serotype 7F isolates has been reported to be higher among invasive isolates from children aged Ͻ6 months than among children from 6 months to Ͻ2 years of age (16) , which is comparable to our results. Data on serotype 3 are heterogeneous in the literature. Serotype 3 has been described to be frequent across all age groups except children younger than 5 years of age (8), but it has also been described to be among the most frequent pneumococcal serogroups infecting neonates (10). In our study, serotype 3 showed a disproportionately low prevalence among children Ն1 and Ͻ5 years of age compared to its prevalence among the other age groups. When our results for serotypes 19A and 19F of serogroup 19 are summarized, serogroup 19 was found to be the third most common cause of pneumococcal infection among children Ͻ4 months of age. While serotype 19A was not statistically significantly associated with IPD in any particular age group, serotype 19F was statistically significantly more frequent among children Ն4 months and Ͻ1 year than among the other age groups. Among neonates in the United States, serogroup 19 has been described to be the leading pneumococcal serogroup (10).
All serotypes that were significantly more common in children Ͻ16 years of age in this study (serotypes 14, 6B, 19F, and 18C) than among adults Ն16 years of age are among the serotypes defined as pediatric serotypes (serotypes 14, 6B, and 19F) (5) or are shown to have similar epidemiologic characteristics (serotype 18C) (5, 26) .
Among the adults in our study, serotypes 3 and 4 were statistically significantly predominant. The relative risk of disease with serotypes 3 has been described in a meta-analysis to be increased among middle-aged people, whereas the risk increases progressively up to a peak in the seventh decade of life (26 years. Since approximately 90% of the patients were in this age group, the results might be at least partly related (8) . However, the differences in the ages of individuals infected with particular IPD serotypes and the ages of the rest of the population not infected with these serotypes were the most prominent for serotypes 14 (median age, 3 years versus 38 years), 6B and 19F (3 years versus 36 years each), and 18C (4 years versus 37 years).
Nevertheless, some factors and limitations must be considered when the results of this study are interpreted. The isolates were sent by the participating laboratories on a voluntary basis, since participation in surveillance is not mandatory in Germany. Moreover, the systematic sampling of invasive isolates from adults (1992) and children (1997) was taken up at different times and at least partly included isolates from populationbased studies conducted in three German federal states starting in 2001 (North Rhine-Westphalia) and 2006 (Bavaria and Saxony). In a previous study conducted by NRCS (24), a laboratory underreporting factor of 1.86, which indicates that 46.2% of the IPD isolates had not been sent to NRCS, was calculated for IPD among adults in North-Rhine Westphalia. If it is assumed that this factor is transferable to all German federal states, and if a similar underreporting is assumed for childhood isolates, the number of potentially available IPD isolates would accumulate to 14,441 cases. Assuming the same serotype rates, this would result in 9,341 serotyped isolates. However, since we suppose that the rate of underreporting was lower among children, the number of cases is likely to be the hypothetical maximum value and the true numbers of IPD cases might be in between. Furthermore, the structure of the surveillance has continuously been improved, and over the years, the percentage of isolates serotyped has continuously increased. During the first years of the study, serotyping of all isolates was not conducted due to the excessive costs, and high levels of resistance were the main trigger for the initiation of serotyping. However, a similar bias might be present among the laboratories/hospitals sending the isolates, and isolates from severe clinical cases or resistant isolates might preferably be sent to NRCS. Therefore, the isolates may not be fully representative of all isolates causing IPD in Germany. In addition, the possibility that temporal (4, 13) and regional (5, 12, 23) changes in serotype distribution have occurred must be kept in mind when the results of this study are interpreted. 
